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ABSTRACT 
This study investigates groundwater fl?w at a constructed multi-species riparian 
buffer strip (CMRBS) located on an 18 ha tract along a 2756 ft stretch of Bear Creek in 
central Iowa. Bear Creek, a tributary of the Skunk River, is incised in Alden Member 
till of the Des Moines Lobe. The till, which comprises the water table aquifer, 
directly overlies Mississippian carbonates. Nested bedrock piezometers proximal to 
the stream exhibit an upward hydraulic gradient; thus groundwater from both the 
till and the bedrock potentially contribute to streamflow. The CMRBS investigation 
seeks to measure the buffer strips' effectiveness in restraining runoff, stabilizing the 
channel, and moderating the aqueous transport of non-point source pollutants. To 
quantify the influence of the CMRBS it is necessary to develop a mass balance for 
applied chemicals, sediment, and water. This report describes the site 
hydrogeology, determines the direction and magnitude of groundwater flow, and 
estimates the potential groundwater contribution to streamflow. 
1 
IN1RODUCTION 
The rational for riparian buffer strips seeks the restoration of riparian 
ecosystems degraded by row-crop agriculture. A vigorous riparian zone is essential 
to surface water-quality; the riparian zone moderates runoff, allows time for 
infiltration, and traps sediment. As water infiltrates, excess nutrients and 
agricultural chemicals are pulled into biomass before entering the stream, and 
because an established riparian zone binds the substrate with a perennial root 
system and slows the onset of floodstage flow velocities, channel stability is also 
increased. In addition to enhanced water-quality protection and channel stability, 
the construction of multispecies riparian buffer strips restores wildlife habitat and 
offers potential economic incentives for the landowner (Schultz, 1992). 
The study that is the basis of this report is designed to investigate a 
constructed multispecies riparian buffer strip (CMRBS) established along a 2756 ft 
section of Bear Creek crossing the Risdal farm in central Iowa. The Risdal CMRBS 
consists of short-rotation-woody-crops (SRWC) adjacent to Bear Creek, bordered 
by shrubs, and finally prairie grasses adjacent to the cultivated field (Figure 1). The 
CMRBS project seeks to measure the effectiveness of this constructed multispecies 
riparian buffer strip in restraining runoff, stabilizing the channel, and moderating 
the aqueous transport of non-point source (NPS) pollutants derived from row-crop 
agriculture. 
In order to quantify the efficacy of the CMRBS, it is necessary to develop a 
mass balance for water, chemicals, and sediment. These mass balances will, in turn, 
be used to assess the performance of the CMRBS and its influence on surface water-
quality using the CREAMS (Chemicals, Runoff, and Erosion from Agricultural 
Management Systems) computer simulation, as discussed by Christian (1991). 
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Integral to the water component of this mass balance approach is quantifying how 
stream discharge in this part of the watershed is affected by groundwater, 
especially groundwater from regional flow that could dilute groundwater from the 
local system or bypass the CMRBS altogether. 
Purpose and Scope 
During the fall of 1990 and summer of 1991, 33 nested piezometers were 
installed at the Risdal farm to begin collecting groundwater data to investigate the 
remedial potential of a constructed multispecies riparian buffer strip. This report 
presents the hydrogeological data and a preliminary assessment of groundwater 
flow from these initial piezometer installations. 
It is the consideration of the groundwater contribution to stream discharge 
that sets the evaluation of this riparian buffer strip apart from previous studies of 
buffer strip construction (Schultz, 1992). As its contribution to the research objectives 
of the CMRBS study, this report provides a geomorphic and lithostratigraphic 
description of the site and an initial estimation of groundwater discharge into the 
stream by using groundwater data collected from 1/9/91 through 7/29/92. The 
water chemistry data, also compiled during this period, are not considered here. 
This report on the hydrogeology of the CMRBS study seeks to: 1) describe 
the site geology and relate it to the regional hydrogeological setting; 2) determine 
the direction and magnitude of groundwater flow in the water table and bedrock 
flow systems; and 3) estimate the potential groundwater contribution to streamflow 
from the water table and bedrock aquifers. Fulfilling these objectives is a first step 
in the quantification of groundwater contribution to stream discharge in Bear Creek, 
and is in keeping with the larger goal of establishing a mass balance for water, 
chemicals, and sediment. 
4 
Site Description 
The Risdal farm is located in Section 11, T85N, R23W, Story County, Iowa 
(Figure 2). Bear Creek, a major tributary of the Skunk River in central Iowa, is a 
gaining stream incised in glacial deposits of the Des Moines Lobe and is part of the 
Upper Skunk River Basin as defined by Kent and Sendlein (1972a). Bear Creek 
itself is approximately 22 miles in length, receiving water from some 17 miles of 
tributaries (Menzel et al., 1993). 
The section of Bear Creek crossing the Risdal farm lies just up-glacier from the 
Altamont Moraine on a geomorphic surface that Stewart et al. (1988) have referred 
to as corrugated ground moraine. The geology and genesis of these deposits are 
discussed in the next section. 
5 
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Figure 2. Index map of·the study area 
Index map of the study area. 
The Risdal farm is located in 
Section 11, T85N, R23W, 
Story County, Iowa. 
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PREVIOUS WORK 
Geology 
Glacial geomorphology 
The CMRBS site lies on a surface of till-dominated glacial landforms that are 
. the result of the advance and retreat of the Des Moines Lobe, an extension of the 
Wisconsinan Age, Laurentide Ice Sheet. As a glacial landform, the Des Moines Lobe 
was first described and crudely delineated by Chamberlin (1878), who first 
recognized that the Pleistocene comprised multiple glacial advances and that the 
Des Moines Lobe was a feature of the latest glacial expansion onto the mid-
continent. Subsequent investigations have revised and refined our understanding 
of the glacial processes and geomorphology related to the Des Moines Lobe many 
times. A concise historical overview of these studies is presented by Kemmis et a1. 
(1981, pp. 8-16). 
Until recently the glacial landforms of the Des Moines Lobe have been 
categorized simply, either as end moraine or ground moraine. However, current 
studies indicate the presence of a considerably more complex assemblage. In fact, as 
these terms are applied to landforms elsewhere, ground moraine and end moraine 
are relatively rare on the Des Moines Lobe, and many landforms on the Des Moines 
Lobe are quite different from glacial landforms on adjacent lobes of the Laurentide 
Ice Sheet (Kemmis et aI., 1981). 
The landforms found in the vicinity of the Risdal site have been variously 
referred to as "minor moraines" and "swell and swale topography" (Gwynne, 1942 
and 1951). Kemmis et a1. (1981) describes these landforms as tracts of "small 
curvilinear ridge forms, generally 1-2 meters in relief, inset on broader topographic 
swells and swales." These ridges are subparallel to one another and form broadly 
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arcuate patterns, perpendicular to ice movement and concave in the up-glacier 
direction. The term favored here for these ridges is corrugated ground moraine, or 
simply corrugation ridges, after Stewart et al. (1988). 
Corrugated ground moraine is a subtle, low-relief landform found over large 
areas of the southern and central portions of the Des Moines Lobe. Numerous 
hypotheses have been presented to explain the genesis of corrugated ground 
moraine. As they are currently understood, corrugation ridges of the Des Moines 
Lobe are a concomitant feature of the Alden Member of the Dows Formation, 
formed by the deposition of lodgement till in subglacial cracks or crevasses oriented 
transverse to ice-flow. Where the basal cracks in the Des Moines Lobe intersected in 
a chaotic manner, unlineated, low-relief "knob-and-kettle" terrain developed 
(Stewart, 1988). These two surface morphologies tend to grade into one another in 
a manner almost imperceptible without aerial reconnaissance. 
The arcuate shape of the ridge pattern is thought to be related to minor 
lobation of the Des Moines Lobe during its advance, which in turn may have been a 
function of the buried valleys in Story County (Stewart et al., 1988). Higher order 
streams mark the intersections of areas dominated by corrugation ridges, forming a 
scalloped pattern. These intersections follow the courses of bedrock valleys 
established before the Pleistocene (Palmquist and Bible, 1974; Palmquist et al., 1975). 
These buried valleys are filled with older Pleistocene and Wisconsinan alluvium, 
which probably facilitated subglacial drainage. Today these buried valleys receive 
discharge from the regional bedrock flow system, and are tapped in the Ames area 
for the municipal water supply. Because of their use as a municipal water source for 
the city of Ames, the bedrock valleys have been extensively mapped, and the 
hydrological properties of the alluvium are well documented (Iowa State Planning 
Board Committee on Water Resources, 1936; Zimmerman, 1952; Zimmerman and 
8 
Thomas, 1953; Iowa Natural Resources Council, 1957; Backsen, 1963; Twenter and 
Coble, 1965; Schoell, 1967; Sendlein and Dougal, 1968; Kent, 1969; Akhavi, 1970; 
Kent and Sendlein, 1972ab; Nicklin, 1974; Burch, 1977). 
Glacial deposits 
The glacial depOSits, into which Bear Creek is incised as it crosses the Risdal 
farm, belong to the Alden Member of the Dows Formation. The Dows Formation is 
currently divided into four members: 1) the Alden Member, comprising primarily 
basal till; 2) the Morgan Member, composed of supraglacial and meltwater deposits; 
3) the Lake Mills Member, predominantly glaciolacustrine sediments; and 4) the Pilot 
Knob Member, which is predominantly glaciofluvial in origin. The basal till of the 
Alden Member was deposited by three mechanisms: lodgement, regelation melt-
out, and basal melt-out, and it is likely that more than one of these processes is 
responsible for the deposits at anyone site (Kemmis et al., 1981). 
The till of the Alden Member generally has a loamy textured matrix 
composed of approximately 15% clay, 37% silt, and 48% sand (Kemmis et al., 1981). 
Of the three subglacial depositional processes responsible for the Alden Member till, 
lodgement and regelation melt-out usually produce uniform, cohesive deposits. 
Basil melt-out, however, may include sizable aggregates, such as stratified sand, 
gravel, or silt (Lawson, 1979). Thus the sand and gravel bodies within the till of the 
Alden Member are probably the result of subglacial streams, which erode upward 
into the glacier bed, aggrading their channels in the process of basil melt-out. The 
end moraines of the Des Moines Lobe (in order of increasing age and from north to 
south: the Algona, Humboldt, Altamont, and Bemis Moraines) consist primarily of 
supraglacial sediments. However, because an extensive mantle of supra glacial 
depOSits is not present on corrugated ground moraine, it is unlikely that the 
9 
alluvium at the CMRBS site is of supra glacial origin, but probably a result of 
Holocene fluvial processes. 
Sand and gravel bodies within the till may influence the hydraulic 
conductivity of the deposits comprising the water table aquifer and groundwater 
flow. The geologic cross-section C-C' illustrates the occurrence of sand and gravel 
bodies in the till that were intersected by borehole P-19 (Figure 3). The extent to 
which the hydraulic conductivity of the till will be affected will depend, to a large 
extent, upon the degree of interconnectedness of the sand and gravel bodies and 
their orientation with regard to the hydraulic gradient; these parameters are, at this 
time, unknown. 
Bedrock geology 
Iowa lies within the stable interior of the North American craton. Beneath its 
surface lie generally horizontal Paleozoic and Mesozoic sediments resting on a 
crystalline Precambrian basement complex. This stable part of the continent is only 
slightly deformed and contains a number of gentle basins (e.g. Forest City and 
Illinois) and domes (Wisconsin and Ozark), which are expressions of the 
Precambrian basement (Burch, 1977). The principal structural feature of Iowa is a 
broad sedimentary basin. The axis of this, the Iowa Basin, plunges southwest from 
north-central Iowa to the southwest corner of the state (Horick, 1973). The oldest 
deposits crop out in the northeast and northwest corners, with progressively 
younger strata overlying them to the south and southwest. The Paleozoic sediments 
underlying the CMRBS site are primarily marine deposits that accumulated almost 
continuously from the Cambrian through the Mississippian to a thickness greater 
than 2200 ft. 
Deposits of the Des Moines Lobe lie directly on bedrock throughout only a 
small part of its extent; most deposits rest on earlier Pleistocene deposits (Kemmis et 
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al.,1981). Thus, the stratigraphic sequence at the Risdal farm is unusual in that Alden 
Member till (Quaternary) directly overlies the St. Louis Formation (Mississippian). 
The described core from borehole P-21 (Figure 4, see below) indicates that 
the Mississippian stratigraphic section beneath the CMRBS site comprises units of 
the Meramec, Osage, and Kinderhook Series. These units are composed of 
representative sections of the St. Louis, Keokuk-Warsaw, Burlington, Gilmore City, 
and Maynes Creek Formations (Table 1). A more detailed illustration of the core is 
found in Appendix G. 
Table 1. Geologic units of the Mississippian System underlying the CMRBS site 
(modified from Horick and Steinhilber, 1973, to match the 
lithostratigraphic sequence found in the core from P-21). 
System Series Formation Descri]?tion 
Limestone, sometimes dense, and 
Meramec St. Louis dolomite, usually sandy; commonly much sandstone, minor chert, and 
locally thin shale. 
Keokuk- Dolomite and limestone with much 
Warsaw chert; locally contains shale in the 
Mississippian Osage upper fJart; glauconite near top and 
Burlington base 0 Burlington; man~ beds 
consist largely of fossil agments. 
Gilmore City generally oolitic 
Gilmore City limestone; commonly very dense at 
Kinderhook top. Mavnes Creek calcareous 
Maynes dolomite; usuallv contains considerable chert in lower part. Creek 
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Structural setting 
The structural setting of central Iowa has an influence on the hydrology of the 
region. The existence of an anticlinal structure underlying Ames, with the 
Mississippian outcropping in the midst of Pennsylvanian bedrock, was first 
reported by McGee (1891). McGee named this structure the Skunk River Anticline. 
Beyer (1898) confirmed McGee's findings, however both reported, incorrectly, that 
the axis of the anticline trends northwest-southeast. Zimmerman (1952) expanded 
the mapping of surficial deposits and included then-known stratigraphic records in 
his reinterpretation of the structural trend. Zimmerman and Thomas (1953) report 
the presence of a major northeast-southwest trending asymmetrical anticline 
extending from the northeast corner of T85N, R23W to the northwest corner of 
T83N, R23W, its crest marked by three structural highs: one at Roland, one at 
Soper's Mill, and one at Ames. The CMRBS site would lie on the northernmost 
structural high along the axis of the Ames anticlinal structure. 
In describing the bedrock outcrops along the Ames anticline, Zimmerman 
and Thomas (1953) note that the axial trace of the structure changes to a more 
northerly direction in the SE corner of T84N, R24W. When applied to bedrock 
topographic maps, this observation suggests that the buried valleys in western 
Story County may have been eroded by structurally controlled streams (Burch, 
1977) 
Four faults have been identified along the Ames anticline (Sendlein and 
Dougal, 1968; Staub, 1969; Kent, 1969; Akhavi, 1970; Burch, 1977). These are normal 
faults paralleling the axis of the inferred fold, and are responsible for the surface 
exposure of Mississippian bedrock along the axial trace of the "Ames anticline." The 
presence of these faults establishes that the Ames anticline is, in fact, not a folded 
structure, but a horst related to movement of the Precambrian basement complex 
14 
(Burch, 1977). Sendlein and Dougal (1968) maintain that the northeast-southwest 
trend of the horst occurs with a fault extending from Ames along the Skunk River 
and continuing northeastward along Bear Creek. 
Because faulting and fractures are significant factors governing the behavior 
of groundwater in carbonate rocks, it is important to note where pertinent fault 
traces may lie with respect to the CMRBS site. From the fault location map 
presented by Burch (1977), the fault most likely to influence the hydrogeology 
related to discharge in Bear Creek trends from the city of Ames to just northwest of 
the town of Roland (Sec. 15, T85N, R23W), and if extended beyond the limits of 
Burch's map, would pass just southeast of the Risdal farm (dashed lines, Figure 5). 
Two water wells drilled for the Iowa Department of Transportation (W-
19951 in Sec. 5, T84N, R23W and W-19770 in Sec. 32, T85N, R23W, Figure 5) indicate 
a vertical displacement of about 80 ft across this fault at Bear Creek (Burch, 1977). 
Table 2 compares the elevation of upper formation boundaries recorded from Iowa 
GeolOgical Survey (IGS) well logs for the two wells cited above with the elevation of 
the upper formation boundaries preserved in the core extracted from borehole P-
21. 
Table 2. Elevations (ft AMSL) of the upper formation boundaries on the upthrown 
block (W-19770) and the downthrown block (W-19951) comparea with 
elevations from the CMRBS borehole, P-21. 
Surface St. Louis Burlington Gilmore City 
elevation Formation Formation Formation 
P-21 1050 1008 946 872 
W-19951 995 920 No record 780 
W-19770 1025 No record 925 850 
15 
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Comparison of the formation boundary elevations from the IGS wells with 
those from the CMRBS site suggest that P-21 is on the upthrown block along with 
W-19770. However, W-19951 and W-19770 are approximately six miles southwest 
of the Risdal farm, and an 80-ft discrepancy in elevation can be accounted for by less 
than a 0.3 percent incline in the bedrock topography. If one simply extends Burch's 
fault trace north through Sec. 11, T85N, R23W, this places the Risdal farm on the 
downthrown block (Figure 5). Uncertainty with regard to the location of the fault 
and the absence of adequate elevation control makes it impossible, at this time, to 
unquestionably determine on which side of the fault the CMRBS site lies, or that the 
fault indeed extends north of Roland. However, because older Pleistocene deposits 
were probably removed by erosion on bedrock uplands (Palmquist, et ai., 1974), the 
unusual occurrence of the Alden Member till directly overlying the St. Louis 
Formation favors the hypothesis that the site lies on the upthrown block. Further 
seismic investigation of this area may resolve this question. 
The influence the fault appears to have over the location of Bear Creek tends 
to corroborate Burch's (1977) suggestion that structure exerts control over the area's 
drainage. This is not to say that this fault induces discharge into Bear Creek where it 
would not otherwise occur, the attitude of the Mississippian carbonates confined by 
till can account for this (see below). However, the presence of a faulted structure 
may influence groundwater discharge into Bear Creek. At this time the 
hydrogeological ramifications (and its very existence north of Roland) of this 
structure are purely speculative. 
17 
Hydrogeology 
Regional setting 
With regard to its broad hydrogeological environment, Iowa lies within the 
Glaciated Central Region of the United States (Heath, 1984), which encompasses a 
large section of the northern United States from the Catskill Mountains in New York 
to the northern Great Plains in Montana. This groundwater region is characterized 
by glacial deposits of the Laurentide and Cordilleran Ice Sheets overlying primarily 
Paleozoic age sandstones and carbonates; central Iowa typifies these 
hydrogeological conditions. 
Iowa is underlain by five principal bedrock aquifers. These are composed of 
consolidated Paleozoic strata that are predominantly sandstones and dolomite in 
the lower units, and shales, dolomites, and limestones in the upper parts (Horick 
and Steinhilber, 1973). These strata are downwarped in the broad trough of the 
Iowa Basin (see above). The southwest dipping Paleozoic strata are obliquely 
truncated by erosion, exposing these rocks in the northeastern part of the State 
where extensive recharge areas occur (Twenter and Coble, 1965). 
The Mississippian aquifer underlies about two-thirds of the State, and 
throughout much of its extent the aquifer occurs between two regional confining 
units (Horick and Steinhilber, 1973). At its base it is separated from the Silurian-
Devonian aquifer by thick shale units of Devonian age, and overlying the 
Mississippian to the southwest are impermeable shales of Pennsylvanian age. It is 
probable that a small amount of recharge to the aquifer occurs in this subcrop area 
by vertical leakage through the overlying shales (Horick, 1973). The Mississippian 
crops out along a relatively narrow band across Iowa from the southeast corner of 
the State, passing through central Iowa to the northwest corner where it is overlain 
by Cretaceous sandstones and shales. The outcrop area of the Mississippian is 
18 
defined as the area where Mississippian rocks are overlain only by unconsolidated 
materials such as soil, loess, till, or alluvium. In the outcrop area, groundwater 
recharge to Mississippian rocks results from the infiltration of precipitation through 
these unconsolidated materials in catchment areas. The active catchment area for 
Story and Marshall counties occurs in the northeast section of the drainage basin of 
the Skunk River (Horick, 1973). 
The water bearing properties of the Mississippian aquifer are quite variable. 
Where the carbonate rocks are dense, tightly cemented, bio-fragmentallimestones 
and dolomites, the primary porosities are very low; however secondary porosity 
has developed along fractures, joints, and bedding planes where solution activity 
has occurred. Primary porosity also exists where sandstones are present, for 
example the St. Louis sandstone of the Meramec Series and the Prospect Hill 
siltstone of the Kinderhook Series (Horick and Steinhilber, 1973). 
TheCMRBS 
Bear Creek lies within the Upper Skunk River basin, which encompasses 
approximately 800 square miles and includes portions of Story, Boone, and 
Hamilton counties (Kent and Sendlein, 1972a). The Upper Skunk River Basin is 
drained by the Skunk River and its primary tributary, Squaw Creek. 
In north-central Iowa, where the Mississippian rocks are nearly all 
carbonates, the contiguous formations are considered to be hydraulically connected 
and are viewed as one large aquifer. Only in southeastern Iowa is the Warsaw Shale 
thick enough to retard vertical movement of water between the Osage and 
Meramec Series (Horick, 1973). The core from P-21 shows 10-15 ft of shale in the 
Warsaw Formation. Whether or not this is adequate to be considered a confining 
unit is unknown. Comparison with a core from Lee County (Witzke et a1., 1990) 
shows the Warsaw Shale there to be 4-5 times thicker. 
19 
North and east of the CMRBS site there is a broad outcropping of the 
Kinderhook Series where the surface of the bedrock is about 100 ft higher in 
elevation than the surface of the St. Louis Formation beneath the CMRBS. Smaller 
areas where Formations of the Osage and Meramec Series crop out, occur to the 
southwest of the overlying Kinderhookian units In the outcrop area the 
Mississippian is confined by glacial deposits. These conditions probably account for 
the hydraulic potential of flowing wells in northern Story County. Where streams 
have cut their way through to the bedrock, the hydraulic potential of the regional 
flow system makes groundwater discharge possible (Coble, 1971). 
Groundwater I surface water interaction 
There are four fundamental components to streamflow generation in gaining 
streams undisturbed by human activity: direct precipitation, interflow, overland 
flow, and baseflow. In the case of artificially drained agricultural land, discharge 
from tile lines also contributes to streamflow. Tile lines provide continuous 
discharge where they intersect the water table, and in this regard represent a form 
of baseflow. In the 2756 ft Risdal reach of Bear Creek five tile lines discharge into 
the stream. 
Baseflow is the component of stream discharge that originates from 
groundwater movement into the stream from the saturated zone, and it is this 
component of stream discharge that this report seeks to address. Baseflow 
maintains dry-weather stream discharge and is not immediately influenced by 
precipitation. Baseflow is usually a phenomenon of the local groundwater flow 
system, but may also be effected by the regional flow system in areas where 
regional discharge has the hydraulic potential to occur, as appears is the case with 
the Risdal section of Bear Creek (see above). 
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An additional component of baseflow that warrants mention is bank storage. 
Bank storage is water that infiltrates the banks of a stream during flood stage, and is 
released gradually as the water level falls. The volume and behavior of water 
contained in bank storage is dependent upon the maximum flood stage, the length 
of time this high stage is maintained, and the intrinsic porosity and permeability of 
the deposits comprising the stream's banks (Freeze, 1974). An assessment of the 
bank storage potential to influence streamflow at the CMRBS site may be 
undertaken in the future. While not evaluated in this report, the other three 
components of streamflow generation are discussed to avoid omission. 
Overland flow represents that part of precipitation that flows directly over 
the surface into stream channels. More specifically, it is that portion of runoff from a 
drainage basin that has not infiltrated the surface. Infiltration is a function of 
intrinsic permeability and soil moisture conditions (Ineson and Downing, 1964). 
Horton (1933) showed that when precipitation hits the ground it begins to infiltrate 
the unsaturated zone at a rate that decreases with time, and that for any given soil 
type there is a limiting curve that defines the maximum rate of infiltration verses 
time. This limiting curve defines the infiltration capacity of the soil. The decline in 
infiltration rate with time is due to the filling of the soil pores with water. Given 
adequate intensity and duration, the infiltration rate will level off at the saturated 
hydraulic conductivity of the soil. The decline in infiltration rate and final constant 
rate are related to sorting and grain size; the decline is more rapid and the final 
constant rate is lower for fine-grained, poorly sorted soils than they are for well-
sorted, sandy soils. The section of Bear Creek crossing the Risdal farm is incised in 
soils forming the Clarion-Webster-Nicollet association (Figure 6), which comprises 
about two-thirds of Story County. A brief discussion of the site soils with regard to 
their hydrological properties is contained in Appendix E. As precipitation exceeds 
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22 
the infiltration capacity, the excess water then begins to fill depression storage. 
When depression storage capacity is exhausted, water is available for overland 
flow, which contributes directly to stream discharge. While overland flow may 
contribute significant quantities to streamflow during precipitation events of 
sufficient duration and intensity, its evaluation awaits completion of sediment traps, 
which are currently being installed within the buffer strips. The sediment traps are 
designed to quantify sediment load and overland flow, which will be addressed in 
subsequent reports. 
Interflow is that portion of infiltrated water that moves laterally within the 
vadose zone as unsaturated flow, or as a shallow, perched saturated flow above the 
primary water table. Hewlett and Hibbert (1963) experimentally demonstrated the 
pOSSibility of interflow in streamflow generation. The primary requirement for the 
process is the presence of a shallow soil horizon of relatively high permeability, and 
while there is a good deal of evidence to support the widespread occurrence of 
such soil horizons (Freeze, 1972ab), there remains some question as to whether 
interflow can deliver enough water to provide a substantial contribution to 
streamflow. Ragan (1968) studied interflow in hillside forest litter and found it to be 
negligible as a contributor to streamflow. Furthermore, Freeze (1969) has concluded 
that there are several restrictions on the process of interflow as a significant 
contributor to streamflow. For example, it appears that interflow is a feasible 
mechanism onlv on convex hillslopes that feed deeply incised channels, and then 
only when the saturated hydraulic conductivity of the soils is very large. Because 
these are not conditions obtained within the Risdal reach of Bear Creek, lateral 
movement within the unsaturated zone is not considered a significant contributor to 
surface discharge. 
23 
Direct precipitation is that component of discharge resulting from the 
interception of precipitation by the surface of the stream. Due to its negligible 
contribution and transitory nature, direct precipitation is not considered in this 
report. 
24 
METIfODS OF INVESTIGATION 
Mapping 
Mapping of the CMRBS site was accomplished using aerial reconnaissance 
stereo photographs. During the summer of 1992, Aerial Services Inc. of Cedar Falls 
photographed the site at a scale of 1:3000. These photos were then used by the 
Civil Engineering Department at Iowa State University to produce a topographic 
map of the site with 2-foot contour intervals (Figure 7). Refinements to this map 
were made by the author to reflect known points of elevation that were not 
adhered to by the contouring program used in the first approximation. 
All wells were flagged prior to the flight so they could be identified from the 
photos, and nine ground control points were established using Global Positioning 
System (GPS) receivers. This provided X, Y, and Z coordinates for the borehole 
locations, and these were then used in conjunction with water level data to plot the 
surface of the water table and the potentiometric surface of the bedrock aquifer. 
Piezometers 
The subsurface investigation of the CMRBS site was initiated in the Fall of 
1990 and Spring of 1991 with the installation of piezometers to monitor the position 
of the water table and obtain water samples for chemical analysis. Shallow wells 
were first installed in till and alluvium using Iowa State University's Simco SK-2400 
drill rig. These piezometers are constructed of standard, flush-threaded, loS-inch, 
Schedule 40 PVC standpipes with 3-ft, D.D1D-inch factory-slotted screens. Coarse 
silica sand was used as a filter pack and the boreholes were sealed with bentonite 
above the screened interval. Several of the piezometers were installed in nested 
fashion to examine vertical hydraulic gradients. 
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ABCDEFG 
B' 
200 FT. 
+ P9 B \JELL LOCATION AND ID 
Figure 7. Site topographic map showing the location of piezometer installations and 
cross section transects 
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During the summer of 1991 the Geological Survey Bureau (GSB) of the Iowa 
Department of Natural Resources (IDNR) installed an additional 23 piezometers in 
the Mississippian bedrock at the site. These were installed in a nested configuration 
with the upper well set approximately at the bedrock/ till contact and another set 
about 20 ft below. These piezometers are constructed with standard 2-inch, 
Schedule 40 or Schedule 80 PVC standpipes and 5-ft, 0.020-inch factory-slotted 
screens. Filter packs consist of washed pea gravel, and the boreholes were sealed 
with bentonite, both above the screened intervals and between the filter packs 
where two or more wells are installed in a single borehole. The location of the wells 
and the orientation of the cross-section transects can be seen on the topographic 
map of the Risdal farm (Figure 7). 
Anticipating the need for a pumping test to estimate the transmissivity, 
vertical hydraulic conductivity, and storativity of the bedrock aquifer, the GSB 
installed an 80 ft well, with the bottom 55 ft left uncased (borehole W-17 P, Figure 7). 
The numeric designation used to identify the boreholes reflects their relative 
order of installation, while the alphabetical label indicates the relative depth to the 
screened interval, that is A and B are water table wells, with C D E F and G installed 
progressively deeper. The exception is W-17 P, where the P simply indicates that it 
is designed to be used for a pumping test. A compilation of surface elevations, the 
elevation at the top of the standpipe (TOP), from which the water levels were 
recorded, and the elevations at the bottom of the boring at each borehole is 
provided in Appendix B. Well statistics, including the radius of the well casing (r), 
the radius of the filter pack (R), the length of the screened interval (L), and the well 
depth, are compiled in Appendix D. All elevations are reported in feet above mean 
sea level. 
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In addition to the piezometers and the pumping well, the GSB extracted a 
300-ft core from borehole P-21. This core was described by Brian Witzke and 
William Bunker of the GSB in Iowa City. Their log of this core appears in Appendix 
G. A nest of four piezometers was subsequently installed in this borehole, and the 
relative positions of the screened intervals and their hydraulic heads appear in 
Figure 4. 
Some piezometers at the Risdal site were initially developed by gas lifting. 
Subsequent to that, approximately one standing well volume was removed from all 
wells prior to each sample withdrawal to assure that a sample representative of the 
current groundwater chemistry was obtained. The sampling routine, which includes 
the recording of static water levels, development, and sample withdrawal, was 
conducted on a monthly basis for the period 9/1/91 through 3/5/92, then on a 
biweekly schedule for the remainder of this report. Before a sample was 
withdrawn, the static water level was recorded using an electrical water-level tape. 
A compilation of water levels recorded between September 1, 1991 and July 29, 1992 
can be found in Appendix C. 
During the fall of 1992, 12 additional shallow wells were added to better 
define the water table, and an effort is underway to install "mini-piezometers" in the 
stream bed to study the vertical gradient directly beneath the stream. An 
intensively monitored stretch along the southwest quadrant of the site is also under 
construction. As planned, this intensively monitored section will include zero-
tension lvsimeters and tensiometers to monitor water movement in the vadose 
J 
zone, and sediment traps to quantify runoff and sediment load. In addition, it is 
anticipated that the installation of 20 "mini-piezometers" will allow a detailed 
examination of the water table and water chemistry directly within the buffer strip, 
however there have been difficulties with the installation of these instruments within 
28 
the intensively monitored section (the construction details and the problems with 
deployment are discussed in Appendix F). 
As of December 1992, there were 46 completed, full-size piezometers installed 
at the CMRBS site (Le., exclusive of the "mini piezometers" in the intensively 
monitored section or the stream bed). These comprise 23 water table wells, 18 
bedrock wells, the pumping well, and 4 wells with screened intervals straddling the 
contact between the Dows Formation (Quaternary) and the St. Louis Formation 
(MissisSippian). All wells are installed in a nested configuration except for P-9 B, 
which is an isolated water table well. 
Hydraulic Conductivity (K) 
This report relies upon the testing method devised by Hvorslev (1951) for 
the determination of saturated hydraulic conductivities. Hvorslev's procedure is 
used because it provides a convenient method for using data obtained from 
piezometers to determine the hydraulic conductivity of the formation in situ. 
Several assumptions are made when applying Hvorslev's method: the formation is 
assumed to be isotropic, homogeneous, and of infinite extent; the effects of well 
screen clogging, vertical seepage along the casing, and gas bubbles in the filter pack 
are considered negligible (Hvorslev, 1951); and the possible effects of a partially vs. 
fully penetrating well screen and of confined vs. unconfined conditions were not 
considered. While it is unlikely that the lithology of the bedrock, and almost 
certainly not that of the glacial deposits, is homogeneous or isotropic, Hvorslev's 
method probably yields reasonable approximations of the horizontal, saturated 
hydraulic conductivity of the material immediately surrounding the well screen 
(Fetter, 1988). 
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Rising and falling head tests were conducted. The procedure here is 
executed by first recording the static water level, then adding a known volume to 
the well in the form of a solid PVC cylinder. The maximum initial rise in head is 
calculated, and the rate of fall back to static water level is monitored by pressure 
transducer and data-logger, or by electrical water-level tape. The water levels 
recorded by pressure transducer represent the difference in elevation between the 
transducer head and water levels, whereas the water levels measured with an 
electrical tape represent the distance to water from the top of the well casing. When 
static conditions return, the slug is removed, the initial fall in head calculated, and 
the rate of rise to static conditions again monitored. From static water level H, initial 
water rise hOI and rising or falling water level h, normalized head values are 
calculated using the ratio H -hi H -Izo. When plotted against time on a 
semilogarithmic graph, the time-drawdown data should plot on a straight line, as in 
Figure 8 (Fetter, 1988). 
37% 
o 
.c. 
I 
~ .1 
.c. 
I 
:::r: 
To=56 sec . 
. 01~~~~~~~~~~~TT~~~~~ 
o 100 200 300 
Time (seconds) 
Figure 8. Example of a semilogarithn:tic plot of ~or!fialized head 
versus time used to determme the baSIC tIme lag (To) 
using Hvorslev's method. 
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Hvorslev (1951) presents several formulas for differing well screen geometry 
and aquifer conditions. Given the preceding assumptions, and because in this case 
the length of the well screen is more than eight times its radius (L/R>8), the equation 
used here is: 
where 
K = r 2 1n(L/R) 
2LTo 
K is the hydraulic conductivity 
I 
r is the radius of the well casing 
R is the well screen 
L is the length of the well screen 
To is the time it takes for the water level to rise or fall to 37% of the initial 
change (Fetter, 1988). 
Water level recovery data, well statistics, and the plots of elapsed time 
against the log of normalized head value appear in Appendix D. 
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RESULTS AND DISCUSSION 
Hydrogeology 
The borehole logs and the core from borehole P-21 (Appendices A, I and 
Figure 4, respectively) characterize the geology of the site and allow for correlation 
of the local stratigraphy with the CMRBS's position in the regional flow system. 
Recharge to the bedrock occurs to the north and east of the CMRBS site where the 
Kinderhook Series crops out approximately 100 ft higher than the surface of the St. 
Louis Formation underlying the CMRBS site. The regional flow is confined by 
glacial deposits except where streams have cut down to the bedrock, as in the case 
of Bear Creek at the CMRBS site. Where streams have cut down to bedrock, 
regional discharge occurs (Coble, 1971). 
The local geological conditions influencing the CMRBS site hydrology are 
depicted in the geologic cross-sections, A-A', B-B', and C-C' (Figures 9,10, and 3, 
respectively). The geologic cross-sections A-A' and B-B' suggest that the stream's 
alluvium also rests on bedrock. The water table map indicates that Bear Creek is a 
gaining stream (i.e., the surface of the water table lies above the surface of the 
stream) at least for the time frame considered by this report. Figure 11 and the 
potentiometric surface maps (Figures 12-13) indicate that the regional flow system 
also has the hydraulic potential to discharge into the stream. 
The conditions found beneath the CMRBS favor the influence of streamflow 
by contributions from the water table and regional discharge from the bedrock 
aquifer. This has implications for the assessment of the CMRBS; water entering from 
the regional flow system will dilute the stream's discharge with higher quality water 
than that from recently infiltrated sources, tile lines, or overland flow, and this must 
be taken into account when quantifying the buffer strip's effectiveness in 
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Figure 11. Site map with water table contours 
35 
200 FT. 
Figure 12. Site map wi~h potentiometric contours generated by the upper bedrock 
wells 
36 
200 Fr. 
Figure 13. Site map wit~ potentiometric contours generated by the lower bedrock 
well 
37 
moderating the influx of NPS pollutants. Gaining streams incised in till that have not 
cut down to bedrock would be more likely to be affected only by groundwater 
discharge from the water table aquifer. Figure 14 is a conceptualization of how the 
groundwater flow systems are affecting streamflow in Bear Creek. 
Demonstrating the Potential for Groundwater Flow 
The water table surface and the bedrock potentiometric surface plots were 
generated using the computer contouring program, Surfer. Surfer provides three 
options for contouring data, and for this application Kriging was employed. 
Kriging uses geostatistical techniques to calculate the autocorrelation between data 
points and produce a minimum variance unbiased estimate. The water table contour 
map was adjusted to pull the contours closer to the stream so that the inferred flow 
paths would approach the bank at plausible angles (Figure 11). The water table 
contour map was used to determine the average hydraulic gradient (see below). 
For the potentiometric surface generated by Surfer for the upper bedrock 
wells, the contours appear as they were initially gridded by the contouring 
algorithm (Figure 12). The whorls do not coincide exactly with the present location 
of the stream, however they do appear to lie within the historical meander belt as 
determined by the observed amplitude of the stream's meander pattern. The 
direction of flow is to the southwest, much like the regional flow proposed by 
Horick and Steinhilber (1973). 
The potentiometric surface generated by Surfer for the lower bedrock 
piezometers (Figure 13) is not as well behaved with regard to the regional flow 
pattern established by Horick and Steinhilber (1973). This may be, in part, an 
artifact of the contouring algorithm, as the area north of the stream is not tightly 
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controlled by hydraulic heads from bedrock piezometers. It must be assumed that 
the bedrock flow beneath the CMRBS is consistent with the regional pattern. 
Vertical hydraulic gradient 
Observation of water levels in the CMRBS site piezometers (Figures 15-17) 
indicates the presence of an upward potential from bedrock wells in the St. Louis 
Formation proximal to the stream (P-8CD, P-15CD, P-llDE, P-6DE, P-2CD, P-13 BC 
and P-3DE) , and a small downward potential for those wells distal to the stream (P-
10 DE and P-19 ED, Table 3). The hydraulic gradient used in determining the 
potential discharge from the bedrock comes from this set of values. Gradients were 
calculated by dividing the difference in heads by the difference in the elevation of 
screened interval midpoints for nested piezometer pairs. The negative sign 
indicates that flow is in the direction of decreasing hydraulic head. 
Table 3. Vertical hydraulic gradients for piezometer nests screened in the St. Louis 
formation. 
Piezometer 1.0. Gradient Flow direction 
P-2 CD -0.066 up 
P-3DE -0.072 up 
P-6DE -0.027 up 
P-8 CD -0.317 up 
P-I0 DE 0.165 down 
P-ll DE -0.059 up 
P-13 BC -0.363 up 
P-15 CD -0.104 up 
P-19 BC 0.002 down 
P-21 DE -0.053 up 
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Hydraulic conductivity (K) 
The hydraulic conductivities used to estimate potential groundwater 
discharge into Bear Creek are derived from slug tests. Based on a comparison of 
the hydraulic conductivity data there is insufficient evidence to invoke a confining 
unit within the bedrock; however it is likely that the till provides a leaky confining 
unit over the bedrock, and that confinement by the till and the disposition of the 
Mississippian strata provide for flowing artesian conditions. Locally, the upper 
bedrock and the Alden Member till probably act together to produce the local flow 
system. The results from the slug tests conducted at the CMRBS site are presented 
in table 4. Because sample populations of hydraulic conductivity are usually log-
normally distributed for samples obtained from individual lithologies, the arithmetic 
mean is thought to give too much weight to higher permeabilities. Therefore, a more 
representative description of the average hydraulic conductivity of the individual 
hydrologic unit, the geometric mean, is often used (Fetter, 1988). The geometric 
means for the lithologic units found at the CMRBS are 9.5 x 10-5 cm/ sec for 
limestone (s = 1.2, where s is the log-transformed standard deviation) , 4.0 x 10-4 
cm/ sec for sandstone (s = 0.3), 7.6 x 10-5 cm/ sec for till (s = 0.9), and 2.9 x 10-4 for 
alluvium (this latter value based on the one piezometer unquestionably screened in 
Bear Creek's alluvium, P-3B, therefore it is not a mean value). 
Groundwater Discharge to Bear Creek 
Darcy's Law is used here to estimate the groundwater contribution to stream 
discharge. Kent and Sendlein (1972b) use a similar method to estimate the 
groundwater discharge from bedrock into glacial drift. Their purpose was to 
provide an approximation of groundwater recharge from bedrock into the 
unconfined, unconsolidated Upper Skunk River groundwater basin and evaluate its 
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Table 4. Hydraulic conductivities (cm! sec) of CMRBS Eiezometers. 
Piezometer Falling Rising head Average hydraulic 
head test test conductivity 
P-1 B 2.5E-4 2.3E-4 2.4E-4 
P-2C 6.0E-6 4.4E-6 52E-6 
P-2D 7.5E-5 7.1E-5 7.3E-5 
P-3 B 2.0E-4 3.8E-4 2.9E-4 
P-3 C 1.1E-5 2.3E-5 1.7E-5 
P-3 D 7.2E-4 4.8E-4 6.0E-4 
P-3 E 7.4E-5 6.7E-5 7.1E-5 
P-6 B 1.8E-4 2.0E-4 1.9E-4 
P-6 C 4.7E-4 2.6E-4 3.7E-4 
P-6 D 1.9E-3 1.3E-3 1.6E-3 
P-6 E 1.9E-3 1.7E-3 1.8E-3 
P-8 C 6.1E-6 6.9E-7 3.4E-6 
P-8D 9.0E-4 7.2E-4 8.1E-4 
P-9B 4.7E-4 3.2E-4 4.0E-4 
P-10 0 4.9E-7 6.5E-7 5.7E-7 
P-10 E 4.1E-4 4.3E-4 4.2E-4 
P-11 C 5.0E-5 1.0E-4 7.5E-5 
P-ll 0 4.8E-4 2.9E-4 3.9E-4 
P-ll E 1.3E-3 1.3E-3 1.3E-3 
P-13 B 3.6E-4 4.8E-4 4.2E-4 
P-13 C 1.3E-4 1.6E-4 1.5E-4 
P-15 C 1.1E-6 2.6E-6 1.9E-6 
P-15 0 6.9E-4 6.9E-4 6.9E-4 
P-19 B 3.6E-3 3.6E-3 3.6E-3 
P-19 C 5.1E-4 5.1E-4 5.1E-4 
P-21 E 4.3E-5 4.4E-5 4.4E-5 
a The till at the CMRBS belongs to the Alden Mbr. of the Dows Fm. 
b The limestone belongs to the st. Louis Fm. 
C The alluvium at the CMRBS is Holocene. 
d Mixed refers to the fact the screened interval straddles two lithologies. 
e The sandstone belongs to the st. Louis Fm. 
Lithology of screened 
interval 
Tilla 
Limestoneb 
Limestone 
Alluviumc 
Mixedd 
Mixed 
Limestone 
Till 
Mixed 
Mixed 
Limestone 
Limestone 
Sandstonee 
Till 
Limestone 
Sandstone 
Till 
Sandstone 
Limestone 
Limestone 
Sandstone 
Till 
Limestone 
Limestone 
Sandstone 
Limestone 
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potential for municipal withdrawal. However, their approach looked at the entire 
800-square mile basin, whereas this study looks at only a 2756 ft stretch of Bear 
Creek on a plot of 18 hectares. Also, their study sought to evaluate the potential for 
discharge into large volumes of glacial drift converging on buried channels in the 
bedrock filled with alluvium, whereas this report seeks to evaluate the potential for 
groundwater discharge directly affecting Bear Creek. 
For purposes of this report, the area receiving groundwater discharge was 
estimated by reducing the stream's channel geometry to that of a three-sided box 
with the cross-sectional dimensions 5.4 ft high x 12.8 ft wide (Figure 18). These 
dimensions were arrived at by the following method: the bottom of the "box" 
reflects an average stream width calculated from two points along Bear Creek 
within the CMRBS that were chosen for measuring stream discharge (BC 1 and BC 3, 
Table 5). The width at these two points was then averaged from 26 measurements 
(13 at each point) recorded at roughly two week intervals between 4/15/92 and 
12/2/92. The mean width of 12.8 ft has a standard deviation of 3.9. The sides of the 
"box" were arrived at based on the assumption that the area receiving discharge 
from the water table will approximate the depth of the stream's alluvium between 
the surface of the stream and the top of the bedrock. From the borehole logs of 11 
wells, the average elevation of the bedrock was found to be 1027 ft AMSL. The 
elevation of the stream's surface was recorded at three points (approximating the 
location of cross-sections A-A', B-B', and C-C') on 10/1 /92. Subtracting the bedrock 
elevation from the three stream elevations gives a mean depth of 5.4 ft with a 
standard deviation of 2.1. The Risdal reach of Bear Creek is 2756 ft in length, giving 
the bottom and the two sides of the box surface areas of 35276 ft2 and (2)14882 ft2, 
respectively. Discharge from the bedrock aquifer was calculated separately from 
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Table 5. Stream discharge data for the CMRBS (ft3 / sec). 
Date BC3 BCl 
4/15/92 10.16 8.98 
4/29/92 23.97 23.30 
5/15/92 8.83 9.12 
6/2/92 11.02 6.49 
6/17/92 4.59 8.56 
7/1/92 1.59 0.60 
7/15/92 33.97 34.08 
9/3/92 3.59 3.18 
9/17/92 3.74 2.15 
10/2/92 2.53 2.22 
10/15/92 1.03 1.43 
11/6/92 7.51 6.69 
12/2/92 10.50 11.35 
Minimum 1.03 0.60 
Maximum 33.97 34.08 
Average 9.46 9.09 
Std. dev. 9.3 9.6 
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Ground surface 
Water table 
Q from water table 
'-...12.8ft/ i Q from bedrock 
Figure 18. Sketch showing the configuration of the "three-sided box" used to 
estimate groundwater discharge to Bear Creek 
where: 
The Darcy equation is: 
Q=KIA 
Q is the discharge 
A is the cross-sectional area of flow 
K is the hydraulic conductivity 
I is the hydraulic gradient 
that of the water table aquifer using averaged hydraulic conductivities and 
gradients, the derivation of which is discussed below. 
Field estimates of hydraulic conductivity may be based on grain-size analyses 
from test borings, slug test data from monitoring wells, and aquifer pumping tests. 
Of these three methods, only pumping tests offer the potential to integrate the 
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distributed permeability and give an average permeability over a large area, but for 
this report a preliminary estimation is calculated using averaged values derived 
from slug tests. 
The hydraulic conductivity for bedrock discharge predicted to directly 
influence the stream was derived from the slug test data of twelve nested 
piezometers proximal to the channel: P-8CD, P-llDE, P-6DE, P-2CD, P-13BC and P-
30E (Table 4). For individual lithologies the geometric mean is reported (see 
above). However, the estimated hydraulic conductivity predicted to affect 
discharge from the bedrock aquifer combines hydraulic conductivities from 
different lithologies, therefore the arithmetic mean is used (this also simplifies the 
calculation of coefficients of variation used in the estimation of error, and since the 
geometric mean and the arithmetic mean are within the same order of magnitude 
this has a limited effect on the predicted discharge). The arithmetic mean of the 
individual hydraulic conductivities from the twelve wells listed above (Kbd is 6.0 x 
10-4 cm/ second; the standard deviation of the mean is 6.4 x 10-4. 
The vertical hydraulic gradient associated with bedrock wells is the arithmetic 
mean of the vertical gradients observed in the six paired wells listed above (Table 
3). The average vertical hydraulic gradient (Ibr) is -0.151, the standard deviation of 
the mean is 0.148, and the potential for flow is upward. 
The hydraulic conductivity used to evaluate discharge from the water table 
aquifer (Kwt) is simply the arithmetic mean of all the hydraulic conductivities from 
wells in the water table aquifer that have been slug tested: lB, 3B, 6B, 9B, 11C, and 
BB. The value for this is 2.7 x 10-4 cm/ second; the standard deviation of the mean 
is 1.3 x 10-4. 
The hydraulic gradient associated with water table discharge (Iwt) is an 
average calculated from the equipotential contour map along the cross-section 
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transects A-A', B-B', C-C'. This was arrived at by estimating the drop in the 
equipotential surface 200-ft distal to the stream to the stream's surface. Six estimates 
were made, three from the north and three from the south. The arithmetic mean of 
these values is: 0.026 with a standard deviation of 0.01. 
The mean values for area, hydraulic conductivity, and hydraulic gradient 
listed above were used to calculate the discharge from the water table and bedrock 
aquifers along the 2756-ft Risdal reach of Bear Creek. Discharge from the bedrock 
(Qbr) is estimated to be 0.105 ft3/ sec. Bedrock discharge per ft of stream (Qbrl2756 
ft) is 3.8 x 10-5 ft3/ sec. The discharge from the water table (Qwt), disregarding 
discharge from tile lines, calculated for the same section is 0.007 ft3/ sec. Water table 
discharge per ft of stream (Qwt/2756 ft) is 2.5 x 10-6 ft3/ sec. 
A comparison of the estimated potential groundwater contribution to stream 
discharge along this 2756-ft section of Bear Creek with the recorded stream 
discharge data provides an estimate of the percentage of stream discharge related 
to groundwater. Streamflow data from two positions along the CMRBS recorded 
between 4/15/92 and 12/2/92 appear in table 5. 
Geographical Information System (GIS) data were used to determine the 
length of channel contributing to streamflow at the CMRBS. The total length of 
stream and tributary upstream from the CMRBS was determined to be 1.06 x 105 ft. 
Assuming that the hydrogeological conditions found at the CMRBS prevail under 
most of the contributing channel, bedrock discharge can provide about 4.0 ft3/ sec 
to streamflow; i.e., Qbr per ft of stream (3.8 x 10-5 ft3/ sec) multiplied by the length 
of contributing channel (1.06 x 105 ft) yields about 4 ft3/ sec of streamflow. Running 
the same calculation for the potential discharge from the water table (2.5 x 10-6 
ft3/ sec x 1.06 x 105 ft) yields about 0.3 ft3/ sec of streamflow. 
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Table 6 compares recorded stream discharge with the calculated potential for 
groundwater contribution to stream discharge. The fact the potential groundwater 
discharge exceeds the minimum recorded streamflow should be examined; these 
calculated groundwater discharge estimates reflect hydraulic gradients derived 
from mean water levels recorded over the period 1/9/91 to 7/29/92. These values 
would naturally fluctuate as a function of precipitation and regional discharge, and 
during low-flow conditions it is assumed that the hydraulic gradients affecting 
groundwater discharge would drop commensurate with streamflow. A graphical 
depiction of water level fluctuations in the Risdal piezometers for the period of this 
report is compiled in Appendix C. In addition, the potential contribution to 
streamflow from groundwater discharge presented here assumes that constant 
hydrogeological conditions exist under the entire contributing channel; whether or 
not this is a well-founded assumption remains to be seen. Small changes in the 
estimated groundwater discharge per ft of stream produce substantial variations in 
the groundwater contribution to streamflow. Table 6 was compiled to see if the 
calculated values for groundwater discharge reflect plaUSible estimates, and the 
values contained therein should be assessed with this in mind. 
Table 6. Potential groundwater contribution to streamflow compared with 
recorded stream discharge. 
Minimum 
Maximum 
Average 
n 
Std. dev. 
Stream discharge 
(ft3/ sec) 
0.60 
34.08 
9.25 
24.00 
9.27 
Percent discharge 
from water tabfe 
aquifer 
50 
1 
3 
Percent discharge 
from bedrock 
aquifer 
>100 
12 
43 
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The potential for error 
Of course, the values presented here are preliminary estimates; however the 
potential groundwater discharge to Bear Creek calculated here appears plausible. 
Any effort to translate complex phenomena into quantitative terms is fraught with 
difficulty. This is a naturally fluctuating system, and I have attempted to simulate 
average conditions by using the mean of values collected over an interval of time. 
The components of Darcy's Law (Q=KIA) that do not fluctuate with time are K and, 
to some extent in this case, A; nevertheless, these values are the most ambiguous. 
The accuracy of hydraulic conductivities determined by slug testing is subject 
to controversy, and these values would best be used as an order of magnitude 
estimate. The proposed pumping test of W-17 should give a better estimate of the 
distributed, vertical hydraulic conductivity of the bedrock aquifer, and further slug 
testing of shallow piezometers installed subsequent to this report will better define 
the hydraulic conductivity of the water table. 
Determination of the area of influence used in these calculations is probably 
the most difficult value to justify, however the method used to estimate this value is 
clearly outlined and readers are cautioned to use their best judgment. Exactly what 
occurs at the groundwater / surface water interface is difficult to quantify. The 
regional groundwater system possesses the hydraulic potential to discharge into 
Bear Creek, as does the local water table, and the fact the stream's alluvium rests on 
bedrock provides hydraulic continuity from below. Within the alluvium a mixing of 
local and regional groundwater occurs. Analysis of the groundwater chemistry of 
the two systems should provide a better understanding of how much each 
contributes to streamflow. 
The hydraulic gradients of the water table and bedrock aquifers are the most 
accessible values presented. Nevertheless, in retrospect, it may have been 
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preferable to calculate gradients at each sampling event, estimating discharge at 
each point in time, and averaging those values. Perhaps in the future a data base 
will be assembled to track discharge as it fluctuates through the year. It should be 
remembered that the discharge from tile lines is not considered here and that tile 
lines are known to contribute to streamflow. Data on precipitation and tile-line flow 
can be included in the data base to give a much clearer picture of the streamflow 
components affecting the CMRBS. Table 7 provides an estimate of the confidence 
limits for hydraulic conductivity, gradient, and area. 
Table 7. Confidence limits for the components of Darcy's Law (Q = KIA) and the 
resultant confidence limits for groundwater discharge. 
Bedrock aquifer 
Mean Std. dev. 
K 6.0e-4 6Ae-4 
I 0.151 0.148 
A 12.8 3.9 
C. V.Qbr = 2.11 
Std. dev.Qbr = 0.22 
0.105 ± 0.22, 0 - .35 cfs 
c.v. 
1.06 
0.98 
0.30 
Water table aquifer 
Mean Std. dev. C.V. 
K 2.7e-4 1.3e-4 0048 
I 0.026 0.010 0040 
A SA 2.1 0.39 
c. V. Qwt = 0.79 
Std. dev.Qwt = 0.006 
0.007 ± 0.006, 0.001 - 0.013 cfs 
The means, standard deviations, and coefficients of variation for K, 1, and A 
found in Table 7 were calculated for the discharge estimates presented in this 
report. Because the components of Darcy'S Law are multiplied, the propagation of 
error is given by the sum of the relative errors; i.e., (CVQ)2 = (CVK)2 + (CVI)2 + 
(CV A)2 where CV is the standard deviation divided by the mean. The coefficients 
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of variation for the calculated discharges attributed to the bedrock and water table 
aquifers are 211 percent and 79 percent, respectively. These are relatively broad 
confidence intervals, and their magnitude should be considered when making 
predictions based on the estimates contained in this report. 
The brief discussion above should make it clear that excessive confidence 
should not be placed on the hard values presented here, but it reasonably certain 
that groundwater from regional flow is an important contributor to discharge in 
Bear Creek, and that its relative contribution to streamflow increases with the onset 
of low-flow conditions. 
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CONCLUSIONS 
Based on research results presented here the following conclusions are 
drawn: 
1. Groundwater is a important contributor to perennial discharge in Bear 
Creek. 
2. The hydraulic head in the bedrock aquifer lies above the surface of Bear 
Creek; thus the bedrock has the potential to contribute to stream discharge. 
3. The recharge area for the Mississippian carbonates underlying the CMRBS 
lies to the north and east where Kinderhookian rocks crop out about 100 ft higher 
than the surface of the bedrock at the site. Glacial deposits confine the bedrock 
aquifer, but where streams have cut their way down to its surface, the bedrock 
aquifer has the potential to discharge. These are hydrogeological conditions 
influencing stream discharge in Bear Creek that should be addressed in the 
evaluation of the potential of the CMRBS to improve water quality. 
4. Applying Darcy'S Law to the data, the potential for groundwater 
contribution to streamflow along this 2756 ft of Bear Creek is estimated to be 3.8 x 
10-5 ft3/ sec per ft of stream from the bedrock and 2.5 x 10-6 ft3/ sec per ft of stream 
from the water table (coefficients of variation for the bedrock and water table 
aquifers are 2.11 and 0.79, respectively). The sum of the discharges can easily 
account for all the low-flow stream discharge and about 46 percent of the average 
stream discharge. 
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APPENDIX A 
BOREHOLE LOGS 
61 
Borehole Depth (ft) Description 
1A 0-2 Topsoil 
2-5 Yellow-brown. till 
5-9 Brown. sandy till 
9-10 Blue-gray till 
1B 0-2 Topsoil 
2-5 Yellow-brown till 
5-9 Brown, sandy till 
9-17 Blue-gray till 
2eD 0-2 Topsoil 
2-5 Gray-yellow, silty clay 
5-8 Gray, sandy clay 
8-10 Yellow-brown till 
10-13 Shale and limestone 
13-16 Limestone 
16-18 Gray-green shale 
18-22 Gray, sandy limestone 
22-31 Fine-medium sandstone 
31-34 Shaley siltstone 
34-41 Limestone 
3B 0-1 Topsoil 
1-10 Brown, fine-coarse sand & gravel 
3C 0-1 Topsoil 
1-11 Brown, fine-coarse sand & gravel 
11-13 Shaley limestone 
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3DE 0-2 Topsoil 
2-6 Gray-brown silty clay 
6-9 Brown sand & gravel 
9-12 oxidized till 
12-18 Shaley limestone 
18-33 Brown sandstone 
33-41 Limestone 
SA 0-2 Topsoil 
2-5 Sand and clay 
5B 0-2 Topsoil 
2-10.5 Sandy clay 
6B 0-2 Topsoil 
2-6 Brown sand & gravel 
6-11 Brown, clayey sand 
11-14 Yellow-brown till 
6C 0-2 Topsoil 
2-6 Brown sand & gravel 
6-11 Brown, clayey sand 
11-19.5 U noxidized till 
19.5-20 Shaley limestone 
6DE 0-2 Topsoil 
2-5 Brown sand & gravel 
5-10 Yellow-brown till 
10-17 Blue-gray till 
17-20 Fine-medium sand 
20-25 Sandy limestone 
25-34 Silty sandstone & shale 
34-41 Limestone 
63 
seD 0-4 Top soil grading to silty clay 
4-9 Sand & gravel with cobbles 
9-15 Gray-green shaley limestone 
15-19 Gray-green shale 
19-21 Limestone and gray-green shale 
21-24 Light-colored limestone 
24-26 Silty-sandy shale 
26-29 Very fine to fine sandstone 
29-32 Fine to medium sandstone 
32-33 Limestone 
33-41 Fine to medium sandstone 
9B 0-2 Topsoil 
2-9.5 Gray-green till 
9.5-10 Shaley limestone 
lODE 0-2 Topsoil 
2-5 Brown, coarse sand 
5-9 Yellow-brown till with sand & gravel 
9-11 Yellow-brown till 
11-16 Gray-blue till 
16-20 Sand, gravel, & till 
20-26 Sandy shale 
26-36 Shaley limestone 
36-41 Indurated sandstone & shale 
11B 0-1 Topsoil 
1-4 Brown sand & clay 
4-9.5 Sand & gravel 
64 
11C 0-1 Topsoil 
1-7 Brown sand & clay 
7-12 Yellow-brown till 
110E 0-2 Topsoil 
2-5 Yellow-brown sandy clay 
5-11 Sand & gravel 
11-21 Yellow-brown Sandstone 
21-41 Sandy limestone & shale 
13BC 0-2 Topsoil 
2-6 Sandy yellow day 
6-13 Sandy brown till 
13-18 Yellow-green shale 
18-23 Limestone and shale 
23-33 Sandy limestone 
33-41 Fine to very fine sandstone 
15CO 0-5 Sand & gravel 
5-11 Yellow-brown till 
11-20 Blue-green till 
20-23 Yellow-green shale 
23-36 Limestone & shale 
36-41 Fine to very fine sandstone 
65 
19BC 0-5 Silty sand & clay 
5-10 Sand & gravel 
10-12 Gray till 
12-18 Gray, fine-medium sand 
18-22 Blue-gray till 
22-26 Sand & gravel 
26-28 Yellow-brown till 
28-34 Shaley limestone 
34-56 Fine sandstone & shale 
W17 0-2 Sandy topsoil 
2-10 Sand & gravel 
10-25 Blue-gray till w I interbedded sand 
25-32 Shaley limestone 
32-44 Fine to very fine sandstone 
44-81 Silty limestone and shale 
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APPENDIX B 
SITE ELEVATIONS 
67 
Elevations reported in ft AMSL 
Elevation at 
Piezometer Ground elevation Elevation at TOP bottom of borehole 
lA 1040.65 1042.55 1031.09 
IB 1040.65 1042.95 1023.55 
2C 1037.61 1039.91 1020.31 
2D 1037.61 1039.71 997.11 
3B 1036.87 1039.17 1026.93 
3C 1036.87 1041.27 1023.85 
3D 1038.99 1041.29 1023.49 
3E 1038.99 1041.09 999.09 
5A 1052.55 1055.25 1047.79 
5B 1052.55 1054.65 1042.17 
6B 1047.25 1047.15 1032.95 
6C 1047.25 1047.15 1027.15 
6D 1047.25 1047.15 1022.75 
6E 1047.25 1047.15 1006.65 
8C 1039.26 1043.16 1018.82 
8D 1039.26 1042.86 1000.36 
9B 1039.33 1041.93 1029.47 
10D 1049.22 1049.12 1018.82 
10E 1049.22 1049.12 1008.22 
lIB 1038.86 1042.26 1029.80 
11C 1040.27 1042.77 1028.29 
lID 1038.67 1040.27 1018.25 
lIE 1038.67 1040.47 1007.13 
13B 1040.87 1042.77 1024.23 
13C 1040.87 1045.37 1005.61 
15C 1045.35 1048.85 1024.19 
15D 1045.35 1047.75 1004.85 
19B 1057.02 1058.92 1022.32 
68 
Elevation at 
Piezometer Ground elevation Elevation at TOP bottom of borehole 
19C 1057.02 1058.62 1005.52 
21D 1050.22 1052.32 1009.82 
2IE 1050.22 1051.32 976.32 
2IF 1050.22 1051.22 927.22 
2IG 1050.22 1050.92 825.92 
WI7 1052.80 1053.50 975.50 
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APPENDIX C 
WATER LEVELS AND WATER LEVEL FLUCTUATIONS IN RISDAL SITE 
PIEZOMETERS RECORDED FROM 9/1/1991 THROUGH 7 /29/1992. 
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APPENDIX D 
WATER LEVEL RECOVERY DATA, WELL STATISTICS, AND PLOTS OF DATA 
FROM SLUG TESTS 
SLUG TEST OF PIEZOMETER IB 
Radius of well casing r (ft): 0.056 
Radius of filter pack R (ft): 0.26 
Length of filter pack L (ft): 6 
Static water level H (ft): 9.97 
89 
Basic time lag from falling head test To (seconds): 100 
Basic time lag from rising head test To (seconds): 110 
Well depth (ft): 19.4 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 7.13 1.000 0 
34 8.00 0.694 38 
51 8.40 0.553 52 
65 8.60 0.482 68 
81 8.80 0.412 85 
105 9.00 0.342 112 
150 9.20 0.271 165 
256 9.40 0.201 280 
540 9.60 0.130 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
12.81 1.000 
11.80 0.644 
11.60 0.574 
11.40 0.504 
11.20 0.433 
11.00 0.363 
10.80 0.292 
10.60 0.222 
SLUG TEST OF PIEZOMETER 2C 
Radius of well casing r (ft): 0.086 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 6.0 
Static water level H (ft): 11.95 
90 
Basic time lag from falling head test To (minutes): 175 
Basic time lag from rising head test To (minutes): 240 
Well depth (ft): 19.4 
Slug volume (ft3): 0.028 
Measuring device: pressure transducer 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(minutes) water h (minutes) 
(feet) 
0 13.19 1.000 0 
2 13.15 0.968 3 
8 13.10 0.927 7 
10 13.05 0.887 11 
23 13.02 0.863 25 
71 12.80 0.685 80 
82 12.70 0.605 120 
112 12.60 0.524 200 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
10.74 1.000 
10.79 0.959 
10.83 0.926 
10.91 0.860 
10.94 0.835 
11.14 0.669 
11.24 0.587 
11.35 0.496 
SLUG TEST OF PIEZOMETER 2D 
Radius of well casing r (ft): 0.086 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 7.0 
Static water level H (ft): 4.85 
91 
Basic time lag from falling head test To (seconds): 750 
Basic time lag from rising head test To (seconds): 800 
Well depth (ft): 42.80 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 3.65 1.00 0 
131 3.70 .958 95 
266 3.90 .792 119 
424 4.10 .625 188 
639 4.30 .458 265 
949 4.50 .292 354 
1515 4.70 .125 452 
585 
943 
1645 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
6.05 1.00 
6.00 .958 
5.90 .875 
5.80 .792 
5.70 .708 
5.60 .625 
5.50 .542 
5.40 .458 
5.20 .292 
5.00 .125 
SLUG TEST OF PIEZOMETER 3B 
Radius of well casing r (ft): 0.056 
Radius of filter pack R (ft): 0.26 
Length of filter pack L (ft): 6 
Static water level H (ft): 7.82 
92 
Basic time lag from falling head test To (seconds): 125 
Basic time lag from rising head test To (seconds): 65 
Well depth (ft): 9.9 
Slug volume (ft3): .028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 4.97 1.000 0 
19 5.86 0.688 24 
26 6.00 0.639 36 
58 6.34 0.519 84 
84 6.54 0.449 201 
109 6.70 0.393 414 
149 6.90 0.323 
198 7.10 0.253 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
10.10 1.000 
9.12 0.570 
8.80 0.465 
8.60 0.342 
8.40 0.254 
8.20 0.167 
SLUG TEST OF PIEZOMETER 3C 
Radius of well casing r (ft): 0.056 
Radius of filter pack R (ft): 0.26 
Length of filter pack L (ft): 10.0 
Static water level H (ft): 10.34 
93 
Basic time lag from falling head test To (seconds): 1500 
Basic time lag from rising head test To (seconds): 750 
Well depth (ft): 17,42 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 7.5 1.00 0 
43 7.55 .982 30 
81 7.60 .965 50 
131 7.70 .930 74 
193 7.80 .894 100 
305 8.00 .824 123 
435 8.20 .754 183 
575 8,40 .683 247 
908 8.80 .542 512 
1714 9,40 .331 
3570 9.95 .137 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
13.24 1.000 
13.20 0.986 
13.10 0.952 
13.00 0.917 
12.90 0.883 
12.80 0.848 
12.60 0.779 
12.40 0.710 
10.52 0.062 
SLUG TEST OF PIEZOMETER 3D 
Radius of well casing r (ft): 0.086 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 5.0 
Static water level H (ft): 8.44 
94 
Basic time lag from falling head test To (seconds): 100 
Basic time lag from rising head test To (seconds): 150 
Well depth (ft): 17.8 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 7.18 1.000 0 
30 8.00 0.339 21 
54 8.10 0.258 37 
304 8.20 0.220 52 
960 8.25 0.137 81 
2700 8.26 0.129 480 
1920 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
9.38 1.000 
9.00 0.694 
8.90 0.613 
8.80 0.532 
8.70 0.452 
8.44 0.242 
8.35 0.169 
SLUG TEST OF PIEZOMETER 3E 
Radius of well casing r (ft): 0.078 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 11.0 
Static water level H (ft): 6.78 
95 
Basic time lag from falling head test To (seconds): 450 
Basic time lag from rising head test To (seconds): 500 
Well depth (ft): 42.0 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 5.32 1.000 0 
43 5.50 0.877 36 
76 5.60 0.808 69 
112 5.70 0.740 108 
152 5.80 0.671 150 
194 5.90 0.603 197 
245 6.00 0.534 259 
375 6.20 0.379 325 
560 6.40 0.260 386 
2070 6.76 0.014 475 
939 
1340 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
8.24 1.000 
8.10 0.904 
8.00 0.836 
7.90 0.767 
7.80 0.699 
7.70 0.630 
7.60 0.562 
7.50 0.493 
7.40 0.425 
7.30 0.356 
7.00 0.151 
6.90 0.082 
SLUG TEST OF PIEZOMETER 6B 
Radius of well casing r (ft): 0.056 
Radius of filter pack R (ft): 0.26 
Length of filter pack L (ft): 6.0 
Static water level H (ft): 5.90 
96 
Basic time lag from falling head test To (seconds): 140 
Basic time lag from rising head test To (seconds): 125 
Well depth (ft): 16.20 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 3.05 1.00 0 
25 4.40 .526 31 
38 4.60 .456 47 
45 4.70 .421 56 
56 4.80 .386 71 
70 4.90 .351 87 
85 5.00 .316 108 
105 5.10 .281 134 
126 5.20 .246 168 
160 5.30 .211 220 
198 5.40 .175 291 
261 5.50 .140 433 
352 5.60 .105 875 
504 5.70 .070 
660 5.78 .042 
860 5.80 .035 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
8.75 1.00 
7.20 .456 
7.00 .386 
6.90 .351 
6.80 .316 
6.70 .281 
6.60 .246 
6.50 .211 
6.40 .175 
6.30 .140 
6.20 .105 
6.10 .070 
6.00 .035 
SLUG TEST OF PIEZOMETER 6C 
Radius of well casing r (ft): 0.056 
Radius of filter pack R (ft): 0.26 
Length of filter pack L (ft): 5.0 
Static water level H (ft): 11.04 
97 
Basic time lag from falling head test To (seconds): 60 
Basic time lag from rising head test To (seconds): 110 
Well depth (ft): 22.40 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 8.19 1.00 0 
35 9.30 .611 27 
49 9.80 .435 42 
59 10.00 .365 54 
71 10.20 .295 74 
84 10.40 .225 84 
93 10.50 .189 103 
106 10.60 .154 128 
122 10.70 .119 144 
140 10.80 .084 161 
170 10.90 .049 212 
218 10.98 .021 258 
246 11.00 .014 327 
540 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
13.89 1.00 
13.10 .723 
12.80 .618 
12.60 .547 
12.30 .442 
12.20 .407 
12.00 .337 
11.80 .267 
11.70 .232 
11.60 .196 
11.40 .126 
11.30 .091 
11.20 .056 
11.10 .021 
SLUG TEST OF PIEZOMETER 6D 
Radius of well casing r (ft): 0.086 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 9.0 
Static water level H (ft): 9.10 
98 
Basic time lag from falling head test To (seconds): 25 
Basic time lag from rising head test T 0 (seconds): 35 
Well depth (ft): 26.3 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 10.30 1.00 0 
10 9.54 0.367 30 
20 9.33 0.192 40 
50 9.21 0.092 50 
70 9.27 0.058 60 
90 9.14 0.033 90 
130 9.12 0.017 120 
150 
RISING HEAD 
Depth to H-h/H-ho 
waterh 
(feet) 
7.9 1.00 
8.38 .0600 
8.69 0.342 
8.84 0.317 
8.91 0.158 
8.99 0.092 
9.02 0.067 
9.08 0.017 
SLUG TEST OF PIEZOMETER 6E 
Radius of well casing r (ft): 0.078 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 6.0 
Static water level H (ft): 9.33 
99 
Basic time lag from falling head test To (seconds): 27 
Well depth (ft): 42.7 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 10.79 1.00 
12 10.20 0.596 
22 9.99 0.452 
42 9.68 0.240 
62 9.52 0.130 
82 9.43 0.068 
102 9.37 0.027 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
SLUG TEST OF PIEZOMETER 8C 
Radius of well casing r (ft): 0.086 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 10.0 
100 
Static water level H (ft): 6. 79falling, 7.01rising 
Basic time lag from falling head test To (miniutes): 120 
Basic time lag from rising head test To (minutes): 1050 
Well depth (ft): 24.8 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(minutes) waterh (minutes) 
(feet) 
0 5.54 1.000 0 
9 5.55 0.992 10 
40 5.58 0.968 75 
117 6.44 0.280 197 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
8.25 1.000 
8.10 0.879 
8.03 0.823 
8.00 0.766 
SLUG TEST OF PIEZOMETER 8D 
Radius of well casing r (ft): 0.078 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 10.0 
Static water level H (ft): 1.75 
101 
Basic time lag from falling head test To (seconds): 40 
Basic time lag from rising head test To (seconds): 50 
Well depth (ft): 42.5 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 0.29 1.000 0 
21 0.91 0.575 12 
41 1.30 0.308 35 
55 1.40 0.240 45 
65 1.50 0.171 62 
100 1.60 0.103 90 
190 1.70 0.034 150 
264 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
3.21 1.000 
2.60 0.582 
2.30 0.377 
2.20 0.308 
2.10 0.240 
2.00 0.171 
1.90 0.103 
1.85 0.068 
SLUG TEST OF PIEZOMETER 9B 
Radius of well casing r (ft): 0.056 
Radius of filter pack R (ft): 0.026 
Length of filter pack L (ft): 4.0 
Static water level H (ft): 6.00 
102 
Basic time lag from falling head test To (seconds): 70 
Basic time lag from rising head test To (seconds): 90 
Well depth (ft): 12.46 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 3.16 1.00 0 
15 4.30 0.599 22 
24 4.50 0.528 33 
31 4.60 0.493 40 
38 4.70 0.458 48 
45 4.80 0.423 57 
53 4.90 0.387 67 
62 5.00 0.352 78 
71 5.10 0.137 90 
95 5.30 0.246 104 
126 5.50 0.176 141 
171 5.70 0.106 205 
274 5.90 0.035 259 
428 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
8.84 1.00 
7.60 0.563 
7.40 0.493 
7.30 0.458 
7.20 0.423 
7.10 0.387 
7.00 0.352 
6.90 0.317 
6.80 0.282 
6.70 0.246 
6.50 0.176 
6.30 0.106 
6.20 0.070 
6.10 0.035 
SLUG TEST OF PIEZOMETER lOD 
Radius of well casing r (ft): 0.078 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 5.0 
Static water level H (ft): 7.57 
103 
Basic time lag from falling head test To (minutes): 2000 
Basic time lag from rising head test To (minuits): 1500 
Well depth (ft): 32.7 
Slug volume (ft3): .028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(minutes) water h (seconds) 
(feet) 
0 6.11 1.00 0 
1 6.15 0.973 17 
7 6.18 0.952 47 
22 6.21 0.932 131 
53 6.24 0.911 224 
154 6.30 0.870 1559 
199 6.32 0.856 1619 
260 6.34 0.842 2921 
518 6.58 0.678 
1454 6.70 0.596 
1577 6.71 0.589 
1792 6.82 0.514 
3232 6.85 0.493 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
8.76 1.000 
8.68 0.945 
8.63 0.911 
8.56 0.863 
8.51 0.829 
8.04 0.507 
8.02 0.493 
7.81 0.349 
SLUG TEST OF PIEZOMETER lOE 
Radius of well casing r (ft): 0.078 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 6.0 
Static water level H (ft): 9.50 
104 
Basic time lag from falling head test To (seconds): 125 
Basic time lag from rising head test To (seconds): 120 
Well depth (ft): 43.0 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 8.04 1.00 0 
17 8.30 0.822 30 
50 8.60 0.616 45 
76 8.70 0.548 73 
100 8.90 0.411 91 
l19 9.00 0.342 l15 
150 9.10 0.274 142 
190 9.20 0.205 185 
250 9.30 0/137 245 
360 9.40 0.068 363 
470 9.45 0.034 500 
680 9.48 0.014 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
10.96 1.00 
10.50 0.685 
10.40 0.616 
10.20 0.479 
10.10 0.411 
10.00 0.342 
9.90 0.274 
9.80 0.205 
9.70 0.137 
9.60 0.068 
9.55 0.034 
SLUG TEST OF PIEZOMETER He 
Radius of well casing r (ft): 0.056 
Radius of filter pack R (ft): 0.26 
Length of filter pack L (ft): 6.0 
Static water level B (ft): 6.72 
105 
Basic time lag from falling head test To (seconds): 500 
Basic time lag from rising head test To (seconds): 250 
Well depth (ft): 14.48 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 3.88 l.000 0 
34 4.55 0.764 32 
96 4.80 0.676 72 
121 4.90 0.641 123 
155 5.00 0.606 190 
194 5.10 0.570 274 
240 5.20 0.535 395 
355 5.40 0.465 
523 5.60 0.394 
787 5.80 0.324 
1258 6.00 0.254 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
9.56 1.000 
8.54 0.641 
8.30 0.556 
8.10 0.486 
7.90 0.415 
7.70 0.345 
7.50 0.275 
SLUG TEST OF PIEZOMETER lID 
Radius of well casing r (ft): 0.086 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 5.0 
Static water level H (ft): 6.06 
106 
Basic time lag from falling head test To (seconds): 150 
Basic time lag from rising head test To (seconds): 250 
Well depth (ft): 33.14 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 4.86 1.000 0 
36 5.10 0.800 25 
73 5.30 0.633 39 
92 5.40 0.550 56 
105 5.50 0.467 76 
145 5.60 0.383 100 
186 5.70 0.300 126 
235 5.80 0.217 158 
305 5.90 0.133 206 
423 6.00 0.050 268 
373 
588 
745 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
7.26 1.000 
7.10 0.867 
7.00 0.783 
6.90 0.700 
6.80 0.617 
6.70 0.533 
6.60 0.450 
6.50 0.367 
6.40 0.283 
6.30 0.200 
6.20 0.117 
6.12 0.050 
6.10 0.033 
SLUG TEST OF PIEZOMETER lIE 
Radius of well casing r (ft): 0.078 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 7.0 
Static water level H (ft): 5.4 
107 
Basic time lag from falling head test To (seconds): 35 
Basic time lag from rising head test To (seconds): 37 
Well depth (ft): 22.2 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 3.94 1.000 0 
22 4.70 0.479 21 
32 4.90 0.342 32 
40 5.00 0.274 40 
51 5.10 0.205 52 
72 5.20 0.137 72 
114 5.30 0.068 130 
162 5.35 0.034 225 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
6.86 1.000 
6.10 0.479 
5.90 0.342 
5.80 0.274 
5.70 0.205 
5.60 0.137 
5.50 0.068 
5.45 0.034 
SLUG TEST OF PIEZOMETER 13B 
Radius of well casing r (ft): 0.086 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 5.0 
Static water level H (ft): 5.34 
108 
Basic time lag from falling head test To (seconds): 200 
Basic time lag from rising head test To (seconds): 150 
Well depth (ft): 18.54 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 4.14 1.000 0 
24 4.80 0.450 21 
80 5.00 0.283 56 
150 5.10 0.200 76 
337 5.20 0.117 100 
584 5.25 0.075 137 
1237 5.30 0.033 176 
244 
350 
656 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
6.54 1.000 
6.30 0.800 
6.10 0.633 
6.00 0.550 
5.90 0.467 
5.80 0.383 
5.70 0.300 
5.60 0.217 
5.50 0.133 
5.40 0.050 
SLUG TEST OF PIEZOMETER 13C 
Radius of well casing r (ft): 0.086 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 6.0 
Static water level H (ft): 2.10 
109 
Basic time lag from falling head test To (seconds): 500 
Basic time lag from rising head test To (seconds): 400 
Well depth (ft): 39.76 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 0.90 1.000 0 
13 1.20 0.750 25 
25 1.40 0.583 50 
38 1.60 0.417 81 
49 1.70 0.333 145 
64 1.80 0.250 
90 1.90 0.167 
139 2.00 0.083 
180 2.04 0.050 
250 2.06 0.033 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
3.30 1.000 
2.60 0.417 
2.40 0.250 
2.30 0.167 
2.20 0.083 
SLUG TEST OF PIEZOMETER 15C 
Radius of well casing r (ft): 0.086 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 9.0 
Static water level H (ft): 9.99 
110 
Basic time lag from falling head test To (minutes): 700 
Basic time lag from rising head test To (minutes): 300 
Well depth (ft): 42.9 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(minutes) waterh (minutes) 
(feet) 
0 8.75 1.000 0 
1 8.76 0.992 1 
4 8.78 0.976 4 
54 8.81 0.952 21 
57 8.82 0.944 99 
298 9.10 0.718 163 
1210 9.49 0.403 255 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
11.33 1.000 
11.32 0.992 
11.30 0.976 
11.24 0.919 
10.99 0.726 
10.82 0.589 
10.64 0.444 
SLUG TEST OF PIEZOMETER 15D 
Radius of well casing r (ft): 0.078 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 6.0 
Static water level H (ft): 5.82 
111 
Basic time lag from falling head test To (seconds): 75 
Basic time lag from rising head test To (seconds): 75 
Well depth (ft): 24.66 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 4.36 1.000 0 
13 4.80 0.699 20 
31 5.00 0.562 30 
42 5.10 0.493 41 
57 5.20 0.425 60 
78 5.30 0.356 81 
102 5.40 0.288 114 
139 5.50 0.219 162 
189 5.60 0.151 248 
277 5.70 0.082 503 
541 5.80 0.014 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
7.28 1.000 
6.70 0.603 
6.60 0.534 
6.50 0.466 
6.40 0.397 
6.30 0.329 
6.20 0.260 
6.10 0.192 
6.00 0.123 
5.90 0.055 
SLUG TEST OF PIEZOMETER 19B 
Radius of well casing r (ft): 0.078 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 7.0 
Static water level H (ft): 13.40 
112 
Basic time lag from falling head test To (seconds): 13 
Basic time lag from rising head test To (seconds): 13 
Well depth (ft): 36.6 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 11.94 1.000 0 
12 13.00 0.274 20 
23 13.20 0.137 36 
44 13.30 0.068 61 
75 13.35 0.034 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
14.86 1.000 
13.60 0.137 
13.50 0.068 
13.45 0.034 
SLUG TEST OF PIEZOMETER 19C 
Radius of well casing r (ft): 0.078 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 10.0 
Static water level H (ft): 13.00 
113 
Basic time lag from falling head test To (seconds): 70 
Basic time lag from rising head test To (seconds): 70 
Well depth (ft): 53.1 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 11.54 1.000 0 
19 11.90 0.753 33 
33 12.10 0.616 41 
42 12.20 0.548 51 
51 12.30 0.479 61 
62 12.40 0.411 75 
76 12.50 0.342 92 
93 12.60 0.274 114 
146 12.80 0.137 148 
412 13.00 0.000 221 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
14.46 1.000 
13.90 0.616 
13.80 0.548 
13.70 0.479 
13.60 0.411 
13.50 0.342 
13.40 0.274 
13.30 0.205 
13.20 0.137 
13.10 0.068 
SLUG TEST OF PIEZOMETER 21E 
Radius of well casing r (ft): 0.060 
Radius of filter pack R (ft): 0.21 
Length of filter pack L (ft): 28.0 
Static water level H (ft): 5.16 
114 
Basic time lag from falling head test To (seconds): 225 
Basic time lag from rising head test To (seconds): 220 
Well depth (ft): 73.0 
Slug volume (ft3): 0.028 
Measuring device: electrical tape 
FALLING HEAD 
Time elapsed Depth to H-h/H-ho Time elapsed 
(seconds) water h (seconds) 
(feet) 
0 2.68 1.000 0 
18 2.90 0.843 32 
35 3.10 0.769 42 
120 3.60 0.582 120 
148 3.70 0.545 137 
164 3.80 0.507 153 
179 3.90 0.470 174 
195 4.00 0.433 198 
215 4.10 0.396 224 
238 4.20 0.358 256 
259 4.30 0.321 295 
287 4.40 0.284 337 
318 4.50 0.246 396 
352 4.60 0.209 473 
392 4.70 0.172 606 
438 4.80 0.134 950 
595 5.00 0.060 1286 
728 5.10 0.022 
RISING HEAD 
Depth to H-h/H-ho 
water h 
(feet) 
7.64 1.000 
7.20 0.823 
7.10 0.782 
6.50 0.540 
6.40 0.500 
6.30 0.460 
6.20 0.419 
6.10 0.379 
6.00 0.339 
5.90 0.298 
5.80 0.258 
5.70 0.218 
5.60 0.177 
5.50 0.137 
5.40 0.097 
5.30 0.056 
5.24 0.032 
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SITE SOILS DESCRIPTION 
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Site Soils 
The section of Bear Greek crossing the Risdal Farm is incised in soils 
comprising the Clarion-Webster-Nicollet association. This soil association makes 
up about two thirds of Story County, however the Nicollet loam is not present 
within the 16ha tract (Figure ?). This soil association is characterized by low relief 
(1-2 m), undulating ground moraine, and is described in general terms as nearly 
level to moderately sloping, well to poorly drained, loamy soils derived from 
glacilal till and local alluvium. With regard to their hydrological properties, the 
soils occuring on the Risdal farm are as follows: 
135: Coland clay loam. The Coland soil lies immediatly adjacent to the stream 
throughout the site. It is nearly level, moderately Permeable with slow surface 
runoff, and a high available water capacity. Upslope from the Coland soils lie 
zones of: 
107: Webster clay loam. This is nearly level, poorly drained soil with a seasonal 
high water table. It has high available water capacity, slow surface runoff, and is 
moderately permeable. 
138B and 138C: Clarion loam. These gently to moderately sloping, well drained 
soils form on upland knolls and convex side slopes that border streams and 
drainageways. Clarion soil is moderately permeable with medium surface runoff 
and high available water capacity. 
201: Coland-Terril complex. These soils form on gentle to very gentle slopes in 
long, narrow valleys. Coland soil is poorly drained, forms on flood plains, and 
is subject to flooding. In contrast, Terril soil is moderately well drained, and 
forms on foot slopes and alluvial fans that recieve runoff from adjacent upland 
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areas. At the Risdal site the Coland·Terril complex contains an intermittent 
stream channel referred to as the "grassed waterway". 
203: Cylinder loam. This soil forms on nearly level stream terraces and upland 
outwash. It is poorly drained, moderately permeable in the solum and very 
permeable in the substratum. The Cylinder loam has a seasonal high water table 
and moderate available water capacity. 
274: Rolfe silt loam. This nearly level, very poorly drained soil forms in upland 
depressions. It has a seasonal high water table, high available water capacity, is 
slowly permeable, and tends to pond after heavy rains. 
507: Canisteo day loam. This nearly level, poorly drained, calcareous soil forms 
in shallow, upland swales. It has a high available water capacity, a seasonal high 
water table, and is moderately permeable. Surface runoff is slow and tends 
toward ponding. 
638C2: Clarion-Storden loams. These are gently rolling, well drained soils that 
form on upland knobs, ridgetops, and sideslopes. These Clarion and Storden 
soils have moderate surface runoff, high available water capacity, and are 
moderately permeable. 
828B and 828C2: Zenor Sandy loam. These are gently to moderately sloping, 
somewhat exceSSively drained soils on knolls and side slopes of ablation till and 
glacial outwash. The permeability and available water of Zenor soil is moderate. 
Surface runoff is slow to moderate, depending on the slope 
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Mini-piezometers 
Construction of the mini-piezometers is based on a report by Stites and 
Chambers (1991) wherein they outlined a method for installing miniature 
multilevel sampling wells in shallow, unconsolidated aqUifers where access by 
truck is limited. I modified their design by reducing the device to a single 
sampling tube, but followed their method of installation. Their installation will 
provide sampling access and water level data. 
Construction. The mini-piezometers consist of a single, 1 /2-in. i.d. 
polyethylene tube sealed at the bottom with a threaded, nylon plug. A one-ft. 
interval at the bottom has about 40, 1/ 4-in. holes drilled in it, and this section is 
then wrapped with 200 micron polyester mesh held in place with a clear 
adhesive tape and rubber bands. 
Installation. Installation is accomplished by driving threaded and 
coupled 5-ft. sections of schedule 40 3/ 4-in. pipe as far into the the ground as 
they will reasonably go with a fence-post driver. The first section to go in is 
tipped with a drive stub, over which slips an expendable aluminum point that 
remains in the ground as the drive-casing is removed. Once the drive-casing is 
in place, the polyethylene tube, screening completed, is inserted and the drive-
casing is jacked out of the ground using a "handy-man" jack, while the 
polyethylene tubing is held in place. After the drive-casing is removed, a sand-
pack is poured into the hole to a depth one-ft. above the screened section of the 
polyethylene tube. The piezometer emplacement is completed by sealing the 
upper portion of the hole with granular bentonite. 
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BOREHOLE LOG, P-21 
Borehole Log P-21 
Risdal Farm 
Story County, IA 
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